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/ 6 /  0 Abstract 

A resgarch program w a s  carr ied out t o  determine t h e  f e a s i b i l i t y  of 

applying absorption of far u l t rav io le t  radiat ion by peptides t o  the detect ion 

of e x t r a t e r r e s t r i a l  l i f e  on Mars. 

Xxperiments were carr ied out on a variety of amino acids, dipeptides, 

t r ipept ides ,  polypeptides, and proteins. It w a s  found that all substances 

containing peptide bonds showed an absorption maximum i n  t h e  185-190 mp 

region. 

sand a,lso showed an absorption bond i n  this region. 

A suspension of staphylococcus aureus and ext rac ts  o f  local s o i l  and 

Ebmeriments with substances that  might give false posi t ive absorptions 

shmed t h+  m z ~ y  nonpeptides sim-lzrly d x n r h  i n  this ~ g i n n =  

w a s  sbserved t h a t  hydrolysis of t h e  peptides resul ted i n  a decrease i n  

Hawever, it 

absorbancy, as did hydrolysis of the extracts of s o i l  and sand. 

allows f o r  t h e  d i s t inc t ion  between peptides and nonpeptides. 

This effect 

The ef fec t  of pH was  studied, and it w a s  found that the carboxyl ion  

absorbed i n  t h i s  same f a r  u l t rav io le t  region. Acidification t o  a pH w e l l  

below the  pK of a carboxylic ac id  resulted i n  the  elimination of this 

z’csQrption. Such ac id i f ica t ion  permits the  fu r the r  d i s t inc t ion  between 

a l ipha t ic  mino  acids and peptides. 

It w a s  concluded t h a t  it i s  feasible  t o  apply these results t o  t h e  

detect ion of extraterrestrial l i f e  on Mars. Design constraints  f o r  t h e  

instrument were derived from the  experimental results. f l J l - l t ~ @  

5 
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1 . INTRODUCTIOM 

This i s  the f i n a l  report  on NASA Contract WSw-s71 of a 12-month 

research program on t h e  absorption of far u l t r a v i o l e t  radiat ion by peptide 

bonds. 

applying this absorption to the detection of e x t r a t e r r e s t r i a l  life. 

The  study was directed a t  the evaluation of the f e a s i b i l i t y  of 

The. assumption i s  made that i f  l i f e  ex i s t s  on Mars, i t s  e s sen t i a l  chem- 

i s t r y  i s  generally similar t o  t h a t  of terrestrial l ife.  

t o  examine the  v w i o u ~  character is t ics  of biological systems and t o  choose 

those which are  camon t o  all biological systems. 

systems and chemical components that may be considered, the protein moiety is 

an obvioui candidate. 

e r t i e s  by many a n d y t i c a l  techniques. 

It i s  then reasonable 

O f  the various functional 

It can be detected on the basis  of a var ie ty  of prop- 

The choice of a par t icu lar  property may be made a t  various l e v e l s  of 

biological organization. 

bacterium, o r  a more spee id i zed  s t ruc tura l  form. On another l e v e l  of 

osganizatim, one may choose t o  detect  a functional e n z p  system. I n  the 

case of proteins as an example of a charac te r i s t ic  chanical component, the  

work reported here i s  concerned only with the peptide bond. 

Thus, one may choose t o  de tec t  a protozoan, a 

It has been repmted that the peptide bond absorbs far u l t r a v i o l e t  

radiat ion in the 185-190 m ) ~  region. However, work i n  this area has been 

limited by equipment d i f f i cu l t i e s .  

c o m e r c i a  UV spectrophotometries begin to absorb quite s t rongly a t  200 m)z 

and a r e  v i r t u a l l y  opaque at 180 mt;l. 

oxygen imposes another d i f f icu l ty .  

The usual cpart2 opt ics  available i n  

The requirement f o r  the exclusion of 

6 



The present ava i l ab i l i t y  of sui table  opt ics  makes it possible t o  in tens i fy  

the  study of far u l t r av io l e t  spectrophotometrg, and this report  describes 

experiments t o  determine the f e a s i b i l i t y  of applying this approach t o  t h e  

detect ion of ex t r a t e r r e s t i a l  l i f e  and t o  determine t h e  optimum conditions f o r  

r e l i ab ly  detecting the  presence of peptide bonds. 

7 



20 E W m N T A L  

2.1  Instrumental 

The work reported herein was s tar ted with a Gary model15 spectro- 

photometer' and was continued a f t e r  the f irst  quarter on a Beekmar! model 

DK-2A f o r  W recording spectrophotometer. 

against  benzene vapor ( r ed i s t i l l ed  over anhydraus calcium sul fa te ) .  

The monochromaters were calibrated 

All 

experiments i n  the vacuum ul t rav io le t  region were carr ied out under con- 

d i t i ons  of continuous nitrogen purging. 

1Jater.was found t o  be a sat isfactory solvent as long as the  path 

length was shor t .  All experiments were therefore carr ied out i n  short- 

path cells. The quartz used i n  the  optics, as w e l l  as the cuvettes, w a s  

careful ly  selected f o r  use i n  the far u l t r av io l e t  region. 

2.2 Methods 

Solutions were prepared i n  d i s t i l l e d  water, phosphate buffers, su l fur ic  

and hydrochloric acids, ammonium hydroxide, and sodium hydroxide. 

For s tudies  on the relationship of absorbancy a t  1850 Aoto the number 

of peptide bonds, bovine s e m  albumin and ge la t in  were subjected t o  enzy- 

matic hydrolysis; i n  addition, gelatin w a s  a l s o  subjected t o  acid hydrolysis, 

The enzymatic hydrolyses were carried out by preparing a 2.4.X10'5 M stock 

solution of the protein and a 2.hX10-6 M stock solution of the enzyme. A 

series of test tubes were prepared by mixing scc al iquots  of the protein 

and enzyme stock solutions, and the  contents of each tube were examined 

spectrophotometrically a t  periodic intervals.  The reference c e l l s  i n  these 

experiments contained enzyme as w e l l  as solvent. 

8 



I n  studying the acid hydrolysis of gelat in ,  a stock solution of 1 gm 

ge la t in  i n  100 cc water was prepared and w a s  then divided in to  10 cc ali- 

q u o t ~  per tes t  tube. 

and the tubes were then placed i n  a bath of boi l ing water. 

A 1.0 cc aliquot of 1.0 N HC1 was added t o  each tube, 

I n  the  case of  the ex t rac ts  of s o i l  and sand, al iquots  were s t i r r e d  

with solvent (water, sodium hydroxide or  hydrochloric acid) f o r  20 minutes. 

The supernatant w a s  f i l t e r e d  through a No. 42 f i l t e r  and then through a 

mill ipore f i l t e r .  Hydrochloric acid was added t o  the clear f i l t r a t e  t o  

adjust  the pH, and the spectrophotometric absorption w a s  then studied. 

2 3 Materials 

Spectrophotionetric s t u d i e s  were carr ied out 011 tile f o i i u ~ l n g  ~~iatei-ials z 

Bovine serium albumin 

Rilonuclease DL-alanyl - glycine 

Phenylalanine DL-alanyl - DL-leucine 

Glycine DL leucyl-glycyl-glycine 

AI anine DL - d a n  yl-gl yg yl-gl yc ine 

‘zSr;.osine P ol y-L -1ys ine  

TryptOph2ne Poly-L-glutamic acid 

Glycyl 52 ycine 

Benzene Acetonitri le 

Ethanol Butyl acetate 

Diethyl ether N.N. Dimethyl formanide 

Isopropyl ether Glycerol 

Butyl a lcohol  Ethylene glycol 

Cyclohexane Isopropanol 

DL-alanyl - DL-alamine 

P o l  ygl ycine 

9 



Formaldehyde 

Fonamide 

Hydrogen Peroxide (6%) 

Ethyl acetate 

Dichloromethane 

Acetone 

Extracts of local soil 

Serine 

Leucine 

Acetic acid 

Petroleum e ther  

1, 4 Dioxane 

Methanol 

Carbon te t rachlor ide 

Extracts of l o c a l  sand. 

Acetic acid 

Gelatin 

Pepsin (as  used f o r  hydrolysis of protein) 

10 
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3* RESULTS 

(Section 3 J  i s  an abs t rac t  of r e su l t s  reported i n  the f i r s t  three 

quarter ly  reports.  

3.,1 Spectra of Biological Material 

Details may be found i n  references 4, 5 ,  and 6.) 

A l l  the dipeptide, t r ipept ide,  polypeptides, and proteins, t h a t  were 

studied, exhibited pronounced absorptions m a x i m a  i n  the 185-195mu region 

as  shorn by a typical spectrum in  figure 1. 

Beer's l a w  p lo t s  were prepared, the experimental results conformed closely 

t o  the  predictions of the  Beer-Lambert law as  shown i n  f igures  2, 39 and 4. 

I n  a l l  cases where 

It was noted tha t  the  absorpt ivi t ies  were affected by pH. Figures 5 
z2$ 6 sT=x +.hat z~sorpt~or; Gf nA-T?i-- Orrm-rr -lL..-Z- - - A  

YU W U L G  U G A  U l A  CILUUilLll dl lU d-&-ebhii2ze 

affected i n  a similar way as the pH i s  varied. 

increases with pH and passes through a maximum. 

6 t h a t  the change i n  pH i s  associated with a s h i f t  i n  absorption maxima as 

w e l l  as with a change i n  absorptivity. 

obtained with other substances ) 

I n  both cases, the absorption 

It may be seen from f igure  

(These results are  typ ica l  of those 

An analysis of the absorption by the  various substances shows t h a t  

the amino acids a l s o  absorb the  u l t rav io le t  radiation, 

o f  the a l ipha t ic  amino acids are  reduced t o  zero when the pH is  reduced 

t o  a value of 1.0. However, the aromatic amino acids absorb i n  the  far 

u l t r av io l e t  even when the pH is  reduced as i l l u s t r a t e d  by the spectrum 

fo r  phenylalanine i n  f igure 7. 

The absorpt ivi t ies  

The peptides a l l  show absorption spectra s imilar  t o  t h a t  of polylysine 

shown i n  f igure 1. The proteins often show two d i s t i n c t  m a x i m a ;  one o f  

these i s  the l8f-lgO mu region, and the other i s  a 280 mu and i s  due t o  
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tyrosine. 

absorption a t  280 mu i s  expanded ten times i n  the i n s e r t  t o  show the r e l a t ive  

in t ens i t i e s  of the two absorption peaks. 

This may be seen i n  the  spectrum shown i n  f igure 8 where the 

Quantitative evaluation of the data shown i n  tab le  1 indicates  t h a t  

the absorption i s  qui te  constant per peptide bond. 

acid containing 600 peptide bonds has an absorptivity 600 times greater  

than alanylalanine and alanylglycine. Similarly, the polylysine preparation, 

having about 85 peptide bonds, has an absorptivity about 110 times tha t  of 

alanylalanine 

Thus the polyglutamic 

To fur ther  study the relationship of absorbancy t o  the  number of peptide 

bonds, b~;r',?s sepm db-; l?i~ ~ q d  g e l a t i =  vere f.,;r&-Glg=ed, z ~ d  +,he &scy- 

baricies were measured as a function of time of hydrolysis. 

l y s i s  of ge la t in  went t o  completion as shown i n  f igure 9 .  

hydrolysis 

it as shown i n  f igure 10. 

albumin as shown i n  f igure 11. 

The acid hydro- 

The enzymatic 

of ge la t in  by pepsin proceeded as far as the enzyme would carry 

Similar results were obtained with bovine serium 

19 
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TABLE 1 

IIOLAR AESORPTNITY OF PEPTIDES 

ABSORPTIVITY (MOLAR) 

Material PH 1 PH 3 PH 5 
DL-alanyl-DL-alanine 1 .36x103 13 .4clo3 1 5 . 8 ~ ~ 0 ~  

*9.1 dd *16,kXl03 

DL -alan yl-gl  yc ine 1.26fl.d 15,6XlO3 16.Md 
*10.2 d o 3  *17 .2iL03 

DL- a lan yl-DL-leuc ine  2.48fl.03 30.hxl03 26 iL03 

2.43xl.g 27 .5iL03 27 .5iL03 

l)i,-danyi-giycyi-giyc-me l . 4 8 ~ 0 3  26. gx1-23 ~ L . M O ~  

1.66d-d 18.4iLd 2 2 . M 0 3  

*17 i ~ 0 3  

DL-leucyl-glycyl-glycine 
*17.7 f i o  

a . 4  a 0 3  

P oly-L -lysine 
*l5.5 fi$ *24. 2 f i 0  

Poly-glutamic ac id  

Poly glycine w2.9  XI.& 

* Indicates peaks other than a t  190 wavelength 

*% pH was less  than pH 1 
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3.2 Interferences 

Spectrophotometric studies were carr ied out on a wide var ie ty  of 

substances f o r  t h e  purpose o f  exploring solvents other  than water and 

ascertaining the nature of substances t h a t  absorb i n  the same region as 

the peptide bond. Representative compounds and the  wavelength range of 

absorptions are shown i n  t ab le  2. 

t ab le  are bounded by the  wavelengths a t  which the absorbancies are 0.3. 

3 0 3  Extracts of  Local S o i l  and Sand 

The wavelength regions shown i n  the 

It was  found t h a t  aqueous extracts of s i l i ca ,  clean glass,  and washed 

igni ted sand all have a r e l a t ive ly  narrow absorption band a t  177-178 mu as 

~huwri i l i  f ig i ie  12. 

The spectrum o f  a water extract  of unwashed sand (source-Potomac r ive r )  

showed an absorption peak a t 1 8 0  MU as shown i n  f igure 13. When the  pH 

of t h i s  ex t rac t  i s  adjusted t o  a value of 1, the absorption peak s h i f t s  

t o  193 mu, and the absorbancy decreases. 

When the ex t rac t  i s  hydrolyzed i n  hot  hydrochloric acid, the  absorp- 

t i on  peak s h i f t s  t o  197 mu and the absorbancy decreases. 

the hy&olyzed ex t rac t  t o  pH 1, the absorption peak s h i f t s  t o  202 mu9 and 

the absorbancy decreases, A comparison of the water extract  and hydrolyzed 

ex t rac t  a t  pH 1 is  shown i n  tab le  3. 

hydrolysis of t he  sand ex t rac t  results i n  a s h i f t  of t he  absorption maximum 

t o  longer wavelengths and i n  a decrease i n  absorbancy. 

Upon adjusting 

It w i l l  be noted t h a t  i n  a l l  cases, 

Similar experiments carr ied out with l o c a l  s o i l  are shown i n  tab le  4, 
and a typ ica l  spectrum is  shown i n  f igure 14. 

absorption of s o i l  extracts  i s  affected by hydrolysis i n  a manner similar 

t o  t h a t  of sand. 

It w i l l  be noted t h a t  the  

The narrowing of the absorption band seen i n  figure lh 
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TABLE 2 

Substance 

Benzene 

Ethanol 

Diethyl ether 

Isopropyl e ther  

Butyl alcohol 

Cyclohexane 

Formaldehyde 

Formamide 

Hydrogen Peroxide (6%) 

Ethyl acetate  

D ichlo rome thane 

Acetone 

Acetoni t r i le  

Butyl acetate  

N 11 ., Dimethyl f ormanide 

Glycerol 

Ethylene glycol 

Isopropanol 

Acetic Acid 

Petroleum e ther  

1, k Dioxane 

Methanol 

Carbon te t rachlor ide 

m-m RANGE QF ABSORPTIONS 

Region of Absorption (mu) 

175 - 270 

175 - 190 
178 - 200 

175 - 260 

173 - 245 

178 - 220 

175 - 250 

175 - 262 

177 - 200 

177 - 200 

177 - 250 

180 - 225 

175 - 255 

176 - 260 

175 - 262 
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TA3LZ 3 

Effect  of Acid Hydrolysis on the Absorption liaximurn of Aqueous Extracts 

of Sand 

Sample 

#l sand 
Hydro1 0 

#2 sand 
Hycbol. 

#3 sand 
Hydrol. 

Absorption 
Maximum (mu) 

193 
202 

193 
197 

194 
205 

Absorbancy 
a t  M a x i n n ~ n  -- 

0119 
065 

,180 
.086 

.065 

.018 

070 
-020 
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!rAFxlE 4 
Effect of Acid Hydrolysis on the Absorption M&um of Aqueous Solutions 

of  Soil 

Sample 

#1 

Hydrol. 

#2 

Hydrol. 

#3 

Hydrol. 

#4 

Hydro1 

#S 
H ydrol 

Absorption 
Maximum (mu) 

194 

196 

193 

2 03 

200 

210 

200 

203 

203 

220 

Absorbancy 
a t  Maxim 

1 045 

.876 

-376 

.853 

. 070 

.768 

.102 
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occurred i n  a l l  rep l ica te  experiments. 

a very broad band. 

t i on  band becomes narrower on the  short wavelength side. 

is observed upon hydrolysis. 

The water ex t rac t  regularly shows 

Upon adjusting the pH with hydrochloric acid, the  absorp- 

Further narrowing 

Extracts of sand and soil were made with several  organic solvents. 

Although these solvents absorbed i n  the far  u l t rav io le t ,  it was possible 

t o  obtain spectra with the  double-beam spectrophotometer by using the 

solvent i tsel f  i n  the  reference cell.  

with a petroleum ether  extract of s o i l .  

t!*e absorption band is  sharper than t h a t  obtained with water. 

a l s o  some IIiiiicailo~i of better r e ~ ~ l i i t i o i i  at 137, 200, a d  203 m~ LISE 

Figure 15 shows the spectrum obtained 

It is  immediately apparent t h a t  

There i s  

was obtained with water. 

i n  ace ton i t r i l e  as shown i n  f igure 16. 

methanol gives a broader band with less resolution resembling t h a t  of the 

aqueous extract ion as shown i n  figure 17. 

A generally similar type of spectrum i s  obtained 

On the o t h e r  hand, extract ion with 

The e f f ec t  of  various methods o f  extracting t h e  sample was studied 

i n  order t o  ascer ta in  whether an extraction procedure t h a t  can prac t ica l ly  

be integrated in to  an automated remotely operated instrument would yield 

a sa t i s fac tory  sample. 

stirrer, ( 2 )  s t i r r i n g  with a gas stream, and ( 3 )  extracting by pumping a 

l i q u i d  through the sample i n  a closed system. The results of these experi- 

ments indicated that  a l l  the  extraction methods, t h a t  were t r ied ,  yielded 

samples tha t  were essent ia l ly  ident ical  with respect to t h e i r  Spectrophoto- 

metric properties.  

The methods used were: (1) s t i r r i n g  with a magnetic 
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3.4 Whole Organisms 

Experiments were carried out with staphylococcus aureus suspended 

i n  &s.t;llled w a t e r  with and without hydrochloric acid. As shown i n  f igure  

18, the absorption maximum i n  d i s t i l l ed  water w a s  at1780A.. 

s h i f t  t o  1920AO was observed upon t h e  addition of hydrochloric acid. 

-- 

However, a 
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k ,  DISCUSSION 

The ava i l ab i l i t y  of synthetic quartz t h a t  i s  transparent t o  t h e  vacuum 

u l t r av io l e t  has made the  use of spectrophotometry i n  t h i s  region of the 

spectrum en t i r e ly  pract ical ,  

i s  m e t  qu i te  simply i n  the  laboratory by use of t he  vacuum or  by flushing 

with nitrogen, However, it is  expected that nei ther  of these s teps  would 

be necessary i n  an instrument on Mars since the  concentration of oxygen i n  

the  atmosphere of t ha t  planet i s  very law,  

The problem of eliminating absorption by oxygen 

The r e s u l t s  of the  program const i tute  strong evidence f o r  t h e  hypothesis 

t h a t  the  absorption of far ul t rav io le t  radiat ion i s  due t o  the  presence of 

the pept ide ~QPA, 

the  dipeptides, polypeptides, and protei- t ha t  were studied, 

p lo ts  indicate  that  t h e  r e su l t s  are due to t rue  absorption and not t o  a process 

such as l i g h t  scat ter ing which may be confused with absorption, 

o f  t h e  protein hydrolysis experiments lend fur ther  weight t o  the  basic 

hypothesis , 

A b s ~ r p t ~ m  in the I85-1w m.y r eg ion  was ohaemed in 

The Beer's low 

The r e su l t s  

. 

The experimental r e s u l t s  make it unnecessary t o  carry out specific 

experiments on t he  re lat ionship of such factors as the extent o f  denaturation 

t o  the  spectrophotometric property under investigation. Acid hydrolysis 

at a r e l a t ive ly  high temperature undoubtedly results i n  denaturation before 

degradation takes place. 

spectrophotometric measurement. 

Yet ,  the  denaturation did not seem t o  affect  t h e  

The lower l i m i t  of detection depends on the  molar absorptivitg,  the  

solvent system, and the  instrumental sensitivitip.. Thus, subst i tut ing the  

molar absorpt ivi ty  f o r  a s ingle  bond (10 4 from t ab le  1) i n  the  Beer-Lambert 
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equation and assuming a path length o f  O,lcm, a concentration o f  lOo5 moles/ 

l i t e r  would be detectable i n  an instrument t h a t  will give a r e l i ab le  absorbancy 

measurement o f  0.04, 

be 15 moles. 

The absolute quantity detectable i n  LOml would then 

-8 

Reference t o  t ab le  1 indicates  tha t  a greater  molar absorpt ivi ty  i s  

obtainable a t  higher pH values, However, it was  a l s o  pointed o u t  tha t  

a l ipha t ic  amino acids  arad the  carboxyl ion, i n  general, a l so  absorb a t  t h e  

wavelength of i n t e re s t ,  I n  order t o  avoid t h i s  "false" posit ive,  i t  is  

more profitable t o  sacr i f ice  the  small increase i n  sens i t i v i ty  available at  

higher pH values, 

The long list of interferences,  ( L e .  nonpeptides absorbing a t  the wave- 

length o f  i n t e re s t )  points t o  a need f o r  taking precautions against the 

probabi l i ty  of a false posi t ive signal. 

substances or those repoPted i n  t h e  literature7 are present on M a r s .  

It is  not known i f  a q  of these 

Never- 

theless,  a r e l i ab le  approach t o  t h e  problem of extraterrestrial l i fe  detection 

must be based on the  elimination of as many possible sources of e m r  as can 

be anticipated.  Such an approach may be  based on the hydrolysis of t he  

sample. All t h e  experiments carried out with acid hydrolysis on proteins, 

local  so i l ,  and Potomac r ive r  sand showed a detect ible  difference between 

t h e  absorption by the  hydrolyzed and unhydrolyzed samples. 

The experiments with bac ter ia l  suspensions are par t icu lar ly  in te res t ing  

because the  absorption measurements were made on whole organisms. I n  such 

a case, it might be expected t h a t  t h e  attenuation of t he  incident beam might 

reasonably be due t o  l i g h t  scattering ra ther  than t o  t rue  absorption. How- 

ever,the spectrum indicates  t h a t  this i s  not the case. 

due t o  l i g h t  scat ter ing,  the absorption would tend to  decrease as t h e  wavelength 

If the  s i g n a l  were 
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i s  lowered, since the  in t ens i ty  of scattered l i g h t  va r i e s  inversely with an 

exponential function of the  wavelength. Since the absorption i s  i n  the  form 

of a d i s c r e t e  band, it m a y  then be assumed that the  attenuation of t h e  incident 

beam is due t o  absorption, 

The spec t r a l  data obtained on a wide var ie ty  of  biological  materials leave 

l i t t l e  doubt t h a t  t h e  peptide bond can be detected by far u l t r a v i o l e t  absorption 

techniques, Since t h e  presence of peptides i s  a very strong indicat ion of  the 

presence of biological  systems, t h e  detection of peptides may be regarded 

synonymously with t h e  detect ion of life, The f e a s i b i l i t y  of  detecting extra- 

terrestrial l i fe  by means of the techniques described must be considered i n  

terms of a biological  system i n  t h e  presence of other  snbstances t h a t  absorb 

i n  the  same u l t r av io l e t  region a s  the peptides. €$T integrat ing the  information 

obtained i n  this program, one m a y  derive constraints  on which a p rac t i ca l  

instrument may be based. Thus, t he  consideration of pH effects ,  in te r fe r ing  

substances, and the results of mrolysis, indicate  the  conditions neeessarg 

f o r  t he  f e a s i b i l i t y  of applying f a r  u l t r av io l e t  spectrophotometry t o  detection 

of e x t r a t e r r e s t r i a l  life. 



5. CONCLUSION 

The r e su l t s  of  the  research program indicate  that the  detection of 

e x t r a t e r r e s t r i a l  l i fe  i s  feas ib le  by application o f  far ultraviolet spectro- 

photometry, The instrument should be a double-beam instrument with a broad- 

band monochromater spanning t he  region between 185 mp and 220 mp. 

sampling system should be capable of col lect ing a sample of s o i l  or  

atmospheric aerosol and introducing it in to  a processor. 

be capable of extrhcting the sample with water, and then adding a volume 

of hydrochloric acid. 

one of which i s  subjected t o  hot-acid hydrolysis. 

is t o  be introduced i n t o  t h e  reference ce l l ,  and the  hydrolyzed sample i s  

introduced in to  the  sample c e l l  f o r  spectrophotometric measurement. 

The 

The processor must 

The extract must then be divided in to  two aliquots,  

The unhydrolyzed sample 

Such an instrument i s  en t i re ly  feasible,  and Plelpar has submitted a 

proDosal f o r  the development of a laboratory model. 
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6, RECOMMENDATIONS I338 RJTUBE WORK 

In  v i e w  of the positdve results that were obtained, it seems prudent 

t o  develop, design, and construct a laboratory m o d e l  of a life-detection 

instrument. 

aspects of the instnunent are described in  the following pages. 

6.1 Design Cansiderations 

Melpar has proposed t o  undertake such a program and the general 

The design of a laboratmy model instrument for investigating t h e  feasi- 

b i l i t y  of autamatically collecting and probessing a sample, and then,carrying 

aut a spectrophotabtric analysis i s  governed by several factors. 

these factors are basic t o  the general concept; others are concerned with 

Some of 

engineering cons-tsaints, 

It is assumed that the prototype tha t  succeeds &is m o d e l  w i l l  be a 

complete ent i ty  and w i l l .  not be dependent on other instruments fo r  major 

component functims, Thus, the model instrument will collect  its sample, 

carry out a l l  necessary processing steps, and then perform the spectrophoto- 

metric andys is  for  peptides. 

The breadboard design must be designed w i t h  a forward thought toward 

the trend; advanced models will follow, 

components that vill be reascmable precursors of comgonents to caw la te r ,  

It is also necessary that the overall design be such as t o  lead into later 

Therefore, it i s  important t o  choose 

desims in terms of power consumption, vibration resistance, weather resis- 

tance, e tc ,  

Detailed consideration of the relationship between this device and 

other possible components of the eventual inshnent package is premature 

in the breadboard stage. However, consideratdon w i l l  be given t o  the 
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problems involved in the ultimate integration of this device, with the 

optxical rotatiion device being considered. Since both instruments have 

similar sample handling problems and somewhat similar optical  components, 

it is e n t i r e l y  reasonable t o  design the breadboard with thought given t o  

the eventual in tegra t ian  of the t w o  instruments. 

The laboratory m o d e l  t h a t  is prepared kre is expected t o  conform t o  

the following size, weight, and power consumption estimates. 

Subsystem Unit 

1. Optics 

Size Weight Power 
cu. In. Pounds Watts 

72 3-00 0 2 5 H  

3.  Sample Collector 30 

4. Sample Processor 14 
5. Pneumatic Supply 25 

6 .  Programmer 14 
7 0  Squibs a d  EXOtheniC 

Car t r idgee  2 

8. Module Frame, e tc ,  -- 

Assembled Instrument 17l 6.30 1 .lo 

* Using RC network supply 

*% May possiblybe reduced to 0.l w 

6.2 Sampling 

A number of methods might be considered f o r  obtaining the surface 

sample which is  t o  be analyzed by W absorption techniques, These would 

include: d r i l l i n g  a hole, scraping fragmnta i n t o  a container, f i r i n g  
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out  s t r ings  coated with adhesive, and co l lec t ing  aerosolized pa r t i c l e s  out 

of the atmosphere by a vacuum source. 

Since an instrument package may contain a number of instruments f o r  

andlysis of surface samples, it might be advantageous to  use a cen t r a l  

sample-collection system which would d i s t r ibu te  pa r t s  of a l a r g e  sample t o  

the various instruments. 

require more intimate vehicle-instrument in te r face  knowledge, such as loca- 

t ion  of the instrument in the cmplete  package and clearance t o  the Martian 

surface f o r  possible sampling prcrbes. 

A detai led design of a col lect ion s y s t e m  w i l l .  

Acquisition of a surface sample f o r  the instrument requires sane addi- 

bion$i coxisi&=r&dGi, s-ccbl a ik* -Jezaf--a-l a-Ld eEa~s&d-lcy, &zs a t- 

premise that elementary forms of l i f e  are more l i k e l y  t o  e x i s t  slightily 

below the surface than on the surface because of u l t r a v i o l e t  radiation, the 

sample should include subsurface par t ic les .  

t o  raise a dust cloud and fragments some of which would setKLe on o r  near 

the instrument package, w h e r e  they could be picked up by a vacuum motivated 

probe. 

M a r t i a n  atmosphere. 

Explosive charges may be dropped 

However, this may be d i f f i c u l t  because of the low densi ty  of the 

The mechanical design of the hstrument  will be based an a sample- 

col lect ion system i n  which pa r t i c l e s  are transported i n t o  the extract ion 

charobe-r by f low of gas in a tube. 

t o  move the sample after it has been picked up and reduced t o  smaU par t ic les .  

Adequate gas f low t o  transport  par t ic les  within the instrument package could 

be obtained from gas bottLes. 

This i s  believed t o  be a prac t ica l  way 

Design of the instrument i s  not s t rongly dependeat on the m e a n s  of deliv- 

er ing the sample, 

t o  the extract ion chamber could be readily accommodated, 

It i s  f e l t  t h a t  any other scheme f o r  delivering the sample 
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6.3 Processing 

A start pulse will be required t o  begin the instrument operation. If 

the instrument has been subjected t o  low temperatures, chemical exothermic 

reactors will provide enough heat t o  raise the temperature above O°C and, 

m e l t  the solvent i f  it is frozen. 

located t o  sense the attainment of a su i tab le  temperature and f i r e  a squib 

t o  start the operation. In  the event t h a t  th? s t a r t i n g  temperature of the 

instrument is  above freezing, the heaters w i l l  be locked out by a second 

thermistor and operation w i l l  commence immediately. 

A thermistor will be s t r a t e g i c a l l y  

The mechanical-processing system must perform the following functions: 

a. Deliver the sampie t o  tne extraction chamber. 

b. 

c. 

Inject a solvent i n t o  the s y s t e m .  

Circulate the solvent  around the sample pa r t i c l e s  t o  e x t r a c t  the 

chemicals which may exhib i t  the peptide bond. 

d. Acidify the solution. 

e. 

f .  

g. 

Figure 19 and figure 20 show two possible schemes f o r  the sample process- 

KLter aut  l ight-scat ter ing so l id  par t iculates .  

In j ec t  the so lu t ion  i n t o  a sample cuvette and a reference cuvette. 

Wdrolyze the sample i n  the reference cuvette. 

ing  system. 

It i s  assurned t h a t  the par t ic les  t o  be analyzed w i l l  be blown i n t o  the 

extract ion chamber by a stream of gas, and caught on a fi l ter .  However, this 

is not  an essent ia l  fac tor  of the device, and other  methods of delivering the 

sample t o  the extract ion chamber night be considered. 

The solvent and acid will be carried in sealed reservoirs  which operate 

on the hydraulic accumulator principle. Pressure on the solvent may be 
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provided by ei ther  compressed gas or by a spring pressing on a diaphrean. 

Since the cavity containing the solvent is flexible, freezing w i l l  not 

cause significant stresses. The solvent w i l l  be injected by Qpening a 

squib-actuated d v e .  

A l l  of the connecting tubing and the cuvettes w i l l  be evacuated and 

sealed during manufacture so  t ha t  there w i l l  be no resistance t o  the solvent 

entering the s y s t e m .  

pressure inside the system w i l l  be about 50 psi  after the solvent i s  injected. 

Gas, which is  brought i n t o  the extraction chamber with the sample, w i l l  be 

compressed; it will occupy only a small portion of the chamber volume. The 

The solvent reservoir will be designed so tha t  the 

cG+det f ~ ~ m  tFfi ext;.actL,--, &.,,-be= t o  tj-2 ~ - ~ ~ - ~ ~ ~ ~  k - j  be lxa"ad at 

center of the chamber so that  no gas w i l l  be delivered t o  the cuvette. 

gas already in the section of pipe inside the extraction chamber w i l l  be 

caught by a gas trap. 

Any 

The principal difference i n  the processing systems of figures 19 and 20 

i s  in the method of circulating the solvent to  extract the sample, 

In the scheme of figure 19, the solvent i s  pumped around a loop, and 

injected into the extraction chamber to cause turbulent motion of the fluid. 

This method of extraction has been tested i n  M p a r ' s  laboratory and shown 

t o  be practical. 

In the scheme of figure 20, the  sample is trapped between two filters 

Gas pressure is admitted period- i n  a chamber with flexible diaphragm ends. 

i ca l ly  behind one of the diaphragms t o  cause the f luid t o  $low back and for th  

through the f i l t e rs .  This schem appears t o  be somewhat more simple. 
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Selection of the exact scheme t o  be used -1 require a detailed 

analysis of the amount of power required t o  accomplish the  extraction, and 

will natural ly  depend on which s y s t e m  can accomplish the operation with the 

lowest t o t a l  weight and power consumption, 

regulating flow of the gas which causes the pumping action must be designed 

I n  either case, the valves 

t o  have an “over center’ action, so tha t  the pump cannot be caught on dead 

center. 

A f t e r  the extraction has been accmplished, acid will be injected by 

f i r i n g  another squib-actuated valve. 

ampule, 

the acid i n t o  the solvent, 

This may be done by rupturing a glass 

Pumping action will continue for a short  time t o  complete miXing 

For the scheme of f igu re  19, the acidified solvent will now be in the 

cuvettes, 

be f i red,  allowing the acidified solvent t o  be injected i n t o  the cuvettes, 

which were  evacuated during assembiy of the instrument. 

For the scheme of figure 20, snother squib-actuated valve will 

If it is  decided t o  compare hydrolyzed with unhydrolyzed sanples, it 

w i l l  be necessary t o  activate a small, chemical heater t o  hydrolyze the 

materia i n  one of the cuvettes. 

6.4 Pneumatic Subsystem 

Although it is  no t  necessaqy a t  this stage, it is planned t 6  provide 

nonelectric ( t o  conserve electrical. power drain)  motivation f o r  the various 

mechanical functions t h a t  are required in the sample process system and f o r  

aclxation of the programmer. A high-pressure sphericril, g a s  tank  appro^- 

mately two inches in diameter and a small, pressure regulator may be provided 

f o r  this purpose. Figure 21 is  an i l l u s t r a t ion  of tWs type of tank t h a t  w a s  
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designed by Melpar f o r  Jl?L on a previous contract. It w a s  made of t i t a n i u m  

and designed for a nomj.miL pressure of 6000 psi  with a maximum operating 

pressure of18,000 psi  under high-temperature conditions. This high-pressure 

condition whld actually be experienced only during steri l ization procedure. 

Figure 22 i l lus t ra tes  a s m a l l ,  pressui.e regulator which is available 

as a commercial item. T h i s  would be used in conjunction with the pressure 

tank to provide a constant p r e s m  output for  a sufficient time t o  p e r f o r m  

all necessary functions. 

The pneumatAcally-driven programmer w i l l  have a r e t ro fo ld  type of dia- 

phragm driven by air pressure. The exhaust w i l l  be controlled by a c r i t i ca l  

orifice io proviae a canstant movemnt of V i  switch-actuating arm. 

w i l l  be composed of a number of purchased components assembled a t  Melpar. 

This u n i t  
I 

6.5 Optical System 

The simplest system is a two-detector dual-path instrument. Only one 

wavelength is  required and €he output i s  simply the difference in transmission 

of tb two  paths. The general optical schematic of this instrument i s  shown 

i n  figure 23. Light from the source i s  collimated by the lens, and l i gh t  

between 185-220 mu i s  passed by the filter t o  the two sample chambers and 

detectors. If the beam intensit ies are ini t ia l ly  balanced with no samples, 

an unbalance, with the samples in place, indicates the presence of peptide 

bonds in the normal sample. 

Many other similar optical schematics might be devised. These include 

systems using one detector and a vibrating or rotating chopper t o  allow 

alternate sampling of the two optical. paths. T h e  major problems t o  be solved 

in the optical design are the selection or fabrication of an efficent l i gh t  

source and of suitable f i l t e r s  and detectors. 
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Figure 23. 
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Optical Schanatic for  Hydrolyzed System 
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6.5.1 Light Source 

Spectrophotometric work i n  this UV region i s  usually done with a 

hydrogen or deuterium lamp giving a continuous spectrum. It is  expected 

that  a hydrogen lamp will yield sufficient energy for  the purposes of th i s .  

instrument. In  the event t h a t  such a lamp proves unable to deliver the 
. 

required amount of energy,consideration has been given t o  the use of a 

pulsed -on sowme. 

6.5.2 Detector 

The detectms Kiu. be of the photoxmltiiplier type with the photo- 

surface material selected t o  give an adequate respoase a t  the desired 

waveiengim. If the singie wavdengyn 185 mu s y s h  i s  chosen, a tube with 

a copper iodide photocathode may provide all the discrimination that  is 

needed against the other Hg wavelengths, since this photosurface has very 

low response above 250 mu. 

with a rubidium-telluride photocathode would be i d e a ,  

with these and o t , h r  photocathodes are available and w i l l  be investigated t o  

For the two wavelength scheme, a photomultiplier 
8 Ecperimental. tubes 

determine exact spectral response, sensitivity, and the influence of the 

specific detector selection on the f i l t e r  and on the source energy requirements. 

6.5.3 Filters 

The spectral transmission characteristics of the filters r e w e t ] .  for 

isolating the desired wavelength will depend, as noted above, on the detailed 

properties of the l i gh t  source and the detector selected. Generally, i t  is  

expected that a broadband interference filter w i l l .  be completely satisfactory. 
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6.6 hstsument Cmstructim 

The finished model Kill be extremely rugged, yet l ight,  and capable 

of ui tbtanding all of the environmental extremes expected i n  a space probe. 

The sample processing system as well as all other syetems w i l l  operate 

regardless of final orientation (upside down etc.). 

because it is a force fed and completely scaled system, 

and diaphragms in contact with the solvent may be made of metdl t o  reduce 

the possibility of leaks. 

T h i s  i s  possible 

A l l  of the tubing 

Optical compment mounting is a cr i t icd.  design area due t o  the possi- 

b i l i t y  of breakage under pressures caused by temperature extremes. 

anticipated that they w i l l  be encased in  metal frames tha t  nearly match the 

coefficients of expansion of the optical caanponents. A low-temperature 

silicone rubber mounting, i n  place of t h e  r igid metal mounting, will be 

investigated during the early stages of the development, 

It is  

Mirrors and lenses w i l l .  be mounted in silicone rubber and metal frames 

i n  such a manner tha t  expansion due to temperature w i l l  n o t  f i s t o r t  the 

optical path. The entire optical u n i t  will be assembled as a module. 

The electronic system will ut i l ize  solid-state components and w i l l .  be 

ruggedly constructed. 

the Mariner probe are w e l l  establishsd and known t o  Melpar. 

Techniques f o r  construction of electronic systems for 

Figures 24 and 25 illustrate a squib-actuated valve and an exothermic 

cartridge similar in nature t o  the t y p e s  of components which w j 3 . l  be used in 

this system. 

(figure 26) were developed, fabricated, and tested a t  Melpar under contract 

with JPL. Illustrations of one method of W e t  and outlet  port sealing are 

shown in figure 27. 

Both of these items, as well as the programmed exothermic oven, 
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Figure 25. Cross Section of a Chemical Heater Cartridge 
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N1003 .Ol-s  

Figure 26. Photograph of Oven 
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Figure n. M e t  or Ekhanst Port Concept 
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